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Australia will increasingly need to turn to natural gas to offset declining oil production and meet an expanding global need for clean energy. The Gorgon Project Joint Venture Participants, (ChevronTexaco/ExxonMobil/Shell), are poised to develop the significant Gorgon gas reserves located 130km offshore the north west Australian coast to help fulfil this need.
Latest Asia-Pacific LNG developments: How Australia can benefit W.H. Grasso
Presenter: Wim Hein Grasso Shell Development (Australia) Pty Ltd Session 3A: 11:00 am, Hall E.
Australia has ample gas reserves to meet the growing demands of SESSION 3A-GAS RECOVERY, MARKETING AND REINJECTION domestic markets to well beyond 2020. Even if Australia were to supply all of its domestic electricity market for the next 20 years by natural gas, vast untapped reserves would still remain. Australia needs to export its surplus gas to monetise it within a reasonable timeframe, and LNG is still the most cost-effective way of doing this. This paper examines the potential supply factors that Australia must contend within an increasingly deregulated and competitive export world. Innovative ideas are required to keep Australia at the forefront of the LNG market, ahead of competitors in the Asia-Pacific and Middle East. The opening up of the west Americas for Australian LNG, along with reduced manufacturing and shipping costs and the establishment of alliances with LNG consuming countries are all positive and necessary factors to ensure that Australia's gas resources are developed within an acceptable timeframe.
The Gorgon Project has access to extensive proved reserves of 13.8 Tcf and a development plan that can supply gas to a Barrow Island landfall at world competitive prices. Several concepts are being considered for development of the Gorgon reserves.
Technology will play a key role, with the extensive use of subsea production facilities and innovative LNG design concepts being considered. The focus is on a design that would have a low unit cost and also provide new benchmarks in safety and environmental performance.
The development of the Gorgon reserves could also facilitate the establishment of other gas based industries in Western Australia and offers the opportunity for new Gas-to Liquid (GTL) plants to lead Australia's transition to a gas based economy.
The Gorgon Project is expected to attract nearly A$4 billion investment for an LNG development and a further A$2 billion for a major industrial gas consumer. Total export income could reach A$2500 million per year for 30 years. This paper will appear in Part 2 of the APPEA Journal 2002
The potential for geological sequestration of CO 2 in Australia: preliminary findings and implications for new gas field development 
Many industries and researchers have been examining ways of substantially reducing greenhouse gas emissions.
No single method is likely to be a panacea, although some options do show considerable promise. Geological sequestration is one option that utilises mature technology and has the potential to sequester large volumes of CO 2 . This technology may have particular relevance to some of Australia's major gas resources that are relatively high in CO 2 . In Australia, geological sequestration has been the subject of research within the Australian Petroleum Cooperative Research Centre's GEODISC program. A portfolio of potential geological sequestration sites (sinks) has been identified across all sedimentary basins in Australia, and these have been compared with nearby known or potential CO 2 emission sources, including natural gas resources. These sources have been identified by incorporating detailed analysis of the national greenhouse gas emission databases with other publicly available data, a process that resulted in recognition of eight regional emission nodes. An earlier generic economic model for geological sequestration in Australia has been updated to accommodate the changes arising from this process of source to sink matching. Preliminary findings have established the relative attractiveness of potential injection sites through a ranking approach. It includes the ability to accommodate the volumes of sequesterable greenhouse gas emissions predicted for the adjacent region, the costs involved in transport, sequestration and ongoing operations, and a variety of technical geological risks. Some nodes with high volumes of emissions and low sequestration costs clearly appear to be suitable, whilst others with technical and economic issues appear to be problematic. This assessment may require further refinement once findings are completed from the GEODISC site-specific research currently underway. The northern Pedirka Basin in the Northern Territory is sparsely explored compared with its southern counterpart in South Australia. Only seven wells and 2,500 km of seismic data occur over a prospective area of 73,000 km 2 which comprises three stacked sedimentary basins of Palaeozoic to Mesozoic age. In this area three petroleum systems have potential related to important source intervals in the Early Jurassic Eromanga Basin (Poolowanna Formation), the Triassic Simpson Basin (Peera Peera Formation) and Early Permian Pedirka Basin (Purni Formation). They are variably developed in three prospective depocentres, the Eringa Trough, the Madigan Trough and the northern Poolowanna Trough. Basin modelling using modern techniques indicate oil and gas expulsion responded to increasing early Late Cretaceous temperatures in part due to sediment loading (Winton Formation). Using a composite kinetic model, oil and gas expulsion from coal rich source rocks were largely coincident at this time, when source rocks entered the wet gas maturation window.
New petroleum models in the
The Purni Formation coals provide the richest source rocks and equate to the lower Patchawarra Formation in the Cooper Basin. Widespread well intersections indicate that glacial outwash sandstones at the base of the Purni Formation, herein referred to as the Tirrawarra Sandstone equivalent, have regional extent and are an important exploration target as well as providing a direct correlation with the prolific Patchawarra/Tirrawarra petroleum system found in the Cooper Basin.
An integrated investigation into the hydrocarbon charge and migration history of Colson-1 was carried out using CSIRO Petroleum's OMI (Oil Migration Intervals), QGF (Quantitative Grain Fluorescence) and GOI (Grains with Oil Inclusions) technologies. In the Early Jurassic Poolowanna Formation between 1984 and 2054 mRT, elevated QGF intensities, evidence of oil inclusions and abundant fluorescing material trapped in quartz grains and low displacement pressure measurements collectively indicate the presence of palaeo-oil and gas accumulation over this 70 m interval. This is consistent with the current oil show indications such as staining, cut fluorescence, mud gas and surface solvent extraction within this reservoir interval. Multiple hydrocarbon migration pathways are also indicated in sandstones of the lower Algebuckina Sandstone, basal Poolowanna Formation and Tirrawarra Sandstone equivalent. This is a significant upgrade in hydrocarbon prospectivity, given previous perceptions of relatively poor quality and largely immature source rocks in the Basin.
Conventional structural targets are numerous, but the timing of hydrocarbon expulsion dictates that those with an older drape and compaction component will be more prospective than those dominated by Tertiary reactivation which may have resulted in remigration or leakage. Preference should also apply to those structures adjacent to generative source kitchens on relatively short migration pathways. Early formed stratigraphic traps at the level of the Tirrawarra Sandstone equivalent and Poolowanna Formation are also attractive targets. Cyclic sedimentation in the Poolowanna Formation results in two upward fining cycles which compartmentalise the sequence into two reservoir-seal configurations. Basal fluvial sandstone reservoirs grade upwards into topset shale/coal lithologies which form effective semi-regional seals. Onlap of the basal cycle onto the Late Triassic unconformity offers opportunities for stratigraphic entrapment. The Bass Basin has been the focus of sporadic hydrocarbon exploration since the mid1960s, from which, the potentially commercial Yolla Field and a number of sub-commercial discoveries have been made. Despite this, exploration within the Bass Basin remains high risk. The success of future exploration within the basin is dependent on a greater understanding of the structural evolution of the basin and its relationship to the timing of hydrocarbon generation and migration.
SESSION 3B-NEW PETROLEUM MODELS
Two regional seismic sections have been interpreted across structurally distinct regions of the Bass Basin. Sections were chosen on the basis of seismic quality and the suitability of their orientation for structural restoration. Both sections have been depth converted, structurally balanced, decompacted, and restored using the structural restoration software 2DMove.
Restoration has been undertaken in order to constrain the timing of regional tectonic events responsible for basin structuring and to reconstruct the configuration of the basin during the main periods of hydrocarbon generation and migration. Results indicate a significant difference in the amount of brittle upper crustal extension that has occurred across the two sections of the basin analysed. The central Bass Basin has undergone approximately 12 % upper crustal extension since the early Cretaceous, whereas the Durroon Sub-basin has undergone approximately 22 % upper crustal extension. This highlights the difference in the structural evolution between the two regions and the increasing influence of Late Cretaceous Tasman Rifting towards the east of the Bass Basin.
Thermal history and maturation modelling is being carried out on 16 wells and on a number of pseudo-wells throughout the Bass Basin using BHT, vitrinite reflectance and apatite fission track data. Models are being constructed with the use of the 1D BasinMod program. The modelling constrains the relative amounts of subsidence and uplift across the basin as well as delineating the timing of hydrocarbon generation and migration. The integration of reconstructed sections and maturation modelling provides a snapshot of the geometry of migration surfaces present at the time of hydrocarbon migration, as well as an insight into how prospective traps have been modified over time An understanding of early rift geometries, subsequent changes in basin architecture and thermal conditions is the key to defining new play concepts in this relatively underexplored, prospective basin. The present-day geometry and basement topography of the basins is the result of accumulated deformation produced by three main tectonic phases. Regional NE-SW extension in the Devonian produced sinistral strikeslip on NE-trending Megashear structures. Large Devonian-Carboniferous pull-apart basins were introduced in the Barrow Sub-basin where Megashear structures stepped to the left and are responsible for the major structural differences between the Barrow and Dampier Sub-basins. Northwest extension in the Late Carboniferous to Early Permian marks the main extensional phase with extreme crustal attenuation. The majority of the Northern Carnarvon basin sediments were deposited during this extensional basin phase and the subsequent Triassic sag phase. Jurassic extension reactivated Permian faults during renewed NW extension. A change in extension direction occurred prior to Cretaceous sea floor spreading, manifest in basement block rotation concentrated in the Tithonian. This event changed the shape and size of basin compartments and altered fluid migration pathways.
The currently mapped structural trends, compartment size and shape of the Barrow and Dampier Sub-basins of the Northern Carnarvon Basin reflect the "character" of the basement beneath and surrounding each of the subbasins. Basement character is defined by the composition, lithology, structure, grain, fabric, rheology and regolith of each basement terrane beneath or surrounding the target basins.
Basement character can be discriminated and mapped with mineral exploration methods that use non-seismic data such as gravity, magnetics and bathymetry, and then calibrated with available seismic and well datasets. A range of remote sensing and geophysical datasets were systematically calibrated, integrated and interpreted starting at a scale of about 1:1.5 million (covering much of Western Australia) and progressing to scales of about 1:250,000 in the sub-basins. The interpretation produced a new view of the basement geology of the region and its influence on basin architecture and fill history. The bottom-up or basement-first interpretation process complements the more traditional top-down seismic and well-driven exploration methods, providing a consistent map-based regional structural model that constrains structural interpretation of seismic data.
The combination of non-seismic and seismic data provides a powerful tool for mapping basement architecture (SEEBASE™: Structurally Enhanced view of Economic Basement); basement-involved faults (trap type and size); intra-sedimentary geology (igneous bodies, basement-detached faults, basin floor fans); primary fluid focussing and migration pathways and paleo-river drainage patterns, sediment composition and lithology.
SESSION 3C-IMPROVED SEISMIC TECHNIQUES
Multi-component seismicthe tool for all reasons
F.L. Engelmark
Presenter: Folke Engelmark.
WesternGeco-Seismic Reservoir Services
Session 3C: 11:00 am, Hall C.
Marine multi-component seismic, known as 4C, is an emerging seismic technology providing improved and sometimes unique solutions to many common problems. In the marine environment the seismic sensors have to be placed on the sea-floor to capture converted or shear wave modes that cannot propagate through liquid media. Although this means increased acquisition cost, the improved information content makes it money well spent to better image and characterise reservoirs.
The 4C solutions fall into two major groups of five. First there are the imaging solutions:
• Improved standard P-wave imaging.
• Improved converted wave (P-S) resolution in the shallow sediments.
• Converted wave imaging through gas clouds.
• Converted wave imaging of low impedance contrast reservoirs.
• Improved sub-salt and sub-basalt imaging with converted waves. The second group consists of the five characterisation solutions: • Improved fracture characterisation by means of P-S waves.
• Qualitative 4D or time-lapse characterisation of fractured reservoirs with low intrinsic permeability. • Improved lithology and fluid characterisation by combining the information in the two wave modes. • Improved quantitative time-lapse evaluation of pressure and saturation changes. • Improved characterisation of drilling hazards by combined evaluation of the two wave modes. So far the most popular 4C solutions are imaging through gas and improved P-wave imaging of Jurassic reservoirs in the North Sea, for example the Statfjord, Brent and Beryl fields. However, as the technology is developing and maturing, the characterisation solutions will probably be the most common applications of 4C in the near future. There are many parameters to consider when designing acquisition geometries for onshore 3D and 4D seismic surveys. Plots of attributes, such as fold and offset distribution, are necessary in the design process but they are not always sufficient. For instance, they fail to predict the bandwidth and signal-to-noise ratios associated with various candidate designs. Properly crafted synthetic seismograms, however, can be used to yield these predictions. Downhole and surface seismic measurements are needed to drive this. The downhole measurements-primarily well logs-are used to create stratified earth models for input to ray trace calculations and reflectivity modelling. The surface seismic measurements-including finely sampled noise tests-are needed to derive intra-array statics distributions, ambient noise distributions, ground roll characterisations and other descriptions. These empower modelling routines to contaminate and perturb the synthetic signal in prospect-specific fashions. Results from Middle East studies typically show that survey designs that are best suited for addressing one particular issue might not be best for addressing others. Incorporation of digital group forming algorithms within the modelling process allows prediction of results that would be obtained from new high channel-count, single-sensor systems.
Acquisition technology opens up difficult data areas for 3d exploration
C.R.T Ramsden and A.S Long
Presenter: Charles Ramsden Petroleum Geo-services Asia Pacific Pty Ltd Session 3C: 11:50 am, Hall C. 3D seismic technologies have advanced rapidly during the 1990s. The new generation of seismic vessels such as the Ramform design with their massive towing capacities has changed the way in which modern seismic data is acquired. This has resulted in a large increase worldwide in the use of 3D seismic data during the exploration phase because of the reduction in the cost of 3D data. A statistical database has emerged showing that drilling on 3D data will double the commercial success rate compared to drilling on 2D data.
Historically, dual-source acquisition has dominated exploration (by comparison to single-source acquisition) due to cost savings associated with the fact that singlesource acquisition implies a geophysical requirement to tow the streamers at half the separation of dual-source acquisition. Data quality associated with single-source acquisition, however, is typically much superior to dualsource data. The ability now to tow 12-16 streamers has reduced costs so that single-source acquisition is now cost effective. The surveys using single-source acquisition allow 3D data to be acquired with significantly higher trace densities and crew efficiencies than industry standard, and are called High Density 3D or HD3D. These surveys have benefits of increased fold, improved spatial resolution and improved imaging quality, and can now be routinely conducted, especially in difficult data areas.
The North West Shelf of Australia is a difficult data area because of the presence of strong multiple noise trains that often mask or interfere with the primary reflections (Ramdsen et al, 1988 Australia's lack of gas supply infrastructure and market opportunities means that in the north-west of our nation more than 100 trillion cubic feet of gas remains uncommitted to customer contracts.
Because of Australia's relatively small domestic gas markets, the belief has been that only the LNG industry has the scale to monetise the large volumes of gas required to underpin greenfield developments and the expansion of gas supply infrastructure.
SESSION 4A-GAS TO LIQUIDS
Changing fuel specifications around the world, combined with the limited opportunities for new LNG contracts, has renewed interest in gas-to-liquids (GTL) technology as an alternative to crude oil refining as a source of clean and efficient transport fuels. GTL is an exciting new market opportunity for Australian gas.
Exploration in Australia is waning due to declining opportunities for oil discoveries and the lack of markets for natural gas, which make investments in Australia's upstream sector unattractive.
In addition, Australia has dwindling crude oil supplies and faces the prospect of increasing reliance on imported crude oil and refined products. An Australian GTL Fuel industry can help overcome these hurdles by creating a designer blendstock and a valuable new GTL Fuel export industry.
A GTL Fuel industry would not only help resolve many of Australia's current upstream and downstream problems in the petroleum industry, but would also provide massive economic benefits to Australia. This paper will look not only at the making but also the marketing of this fuel of the future. Over the past decade interest in gas-to-liquids (GTL) technology within the oil and gas industry has been on the rise. Depending on the level of cost reductions obtained, this technology has the potential to create a significant change in the oil and gas industry. In an effort to consider these changes, this paper will address the following issues:
Can GTL technology redefine the energy industry's present structure and give rise to a broad range of new competitors and/or products? If so, how and when is it likely to happen?
Our answer to the first part of the question is, simply, yes. GTL technology certainly has the potential. However, the depth and breadth and timing of GTL's penetration into the industry will be driven by forces of cost, price and environmental regulations. The depth of penetration depends on the answers to the following questions: Can GTL plants be built for US$25,000/bpd or less? What impact will scale and learning curve have on cost reductions? What premium will the consumer market give for GTL products? Is the peak production for conventional oil production on the horizon?
If the development of the LNG industry is representative of the potential growth in the GTL industry, we could project a GTL production rate of 1,000,000 bpd in 2025, or about 1.3% of the world's current production rate. Gas-to-liquids technology has become an intensely investigated field in the petrochemical industries. The obvious reason is the vast reserves of stranded natural gas (currently flared, reinjected or not produced) and the desire to monetise these resources. Conventional wisdom has gravitated to some variation of FischerTropsch technology to produce hydrocarbon liquids from natural gas. We have developed an entirely different approach for this conversion and licensed the technology to Synfuels International of Dallas for commercialisation.
Oligo-Miocene canyons in the
The new process has several advantages: it is simple; it should be economical for flows ranging from 10 MMSCFD through 500 MMSCFD; it can be skid-mounted (at lower flow rates) for transportation to site; it appears that the cost of fluids produced would be less than $20 per barrel; it is nearly energy self-sufficient; water can be a by-product; and the nominal product is a light gasoline with about a C 7 molecular weight that can be converted into a heavier fraction with extra processing. This paper presents some details of the process and discusses results from a 100 MSCFD pilot unit. There is potential to achieve cleaner P-and S-wave images by more fully exploiting the true vector nature of multi-component reflection data. The simplest form of
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vector analysis, termed polarisation analysis, allows identification of different wave types. It does not, however, generally lead to effective wavefield separation, due to significant interference between the different waves in a typical exploration-seismic recording.
More effective vector separation is possible if the particle-motion information from polarisation analysis is coupled with the more familiar tools of frequency and velocity filtering. Three related separation algorithms, termed MUSIC, IWSA and PIM are considered here. These techniques all utilise a parametric approach whereby wavefield slowness and polarisation are modelled simultaneously in the frequency domain.
Synthetic and ocean-bottom cable examples are used to demonstrate practical issues relating to the use of these tools. The PIM algorithm is considered to be the most generally useful of the three multi-component wavefield separation algorithms. Implementation of these tools in a highly automated production environment is considered non-trivial. Hence, it is envisaged that such vector separation schemes will have most application for specialised data processing over identified target zones. Vector wavefield separation has the potential to amplify the considerable success already achieved with integrated P-and S-wave exploration. Seismic energy that has been mode converted from p-wave to s-wave in the sub-surface may be recorded by multi-component surveys to obtain information about the elastic properties of the earth.
Since the energy converted to s-wave is missing from the p-wave an alternative to recording OBC multi-component data is to examine p-wave data for the missing energy. Since p-wave velocities are generally faster than s-wave velocities, then for a given reflection point the converted s-wave signal reaches the surface at a shorter offset than the equivalent p-wave information. Thus, it is necessary to record longer offsets for p-wave data than for multicomponent data in order to measure the same information.
A non-linear, wide-angle (including post critical) AVO inversion has been developed that allows relative changes in p-wave velocities, s-wave velocities and density to be extracted from long offset p-wave data. To extract amplitudes at long offsets for this inversion it is necessary to image the data correctly, including correcting for higher order moveout and possibly anisotropy if it is present.
The higher order moveout may itself be inverted to yield additional information about the anisotropy of the sub-surface.
The next generation spatial data warehouse A.J. Yardley
Presenter: Alan Yardley, Woodside Energy Ltd Session 4C: 2:50 pm, Hall C.
Woodside Energy, based in Perth, Western Australia, has commenced the implementation of its next generation spatial data warehousing and visualisation system. The warehouse facilitates access to data in various corporate geoscience data sets, as well as up-to-date cultural and environmental data. It expands the capabilities of the existing geoscience database by providing a facility to handle spatial data at the database level rather than in files and maps. Spatial data can now be kept in the database, in its correct spatial location, and with a known provenance.
Woodside's worldwide exploration, development and production activities require the use of a wide variety of geographic data such as seismic, bathymetry, wells, permits, coastlines, political boundaries, navigation charts, remote sensing and geological interpretations.
Geo-spatial data comes to Woodside in a variety of formats, datums and conditions. The Geomatics Department, through the Geoscience Database and Spatial Information Management teams, loads, maintains and manages all data considered to be corporate. It is quality controlled and placed into the warehouse, where it is readily accessible to technical and administrative staff.
Location is an essential element in most Woodside decisions. Because of the new spatial capabilities, a number of geographic information processes are now possible. Additionally information can also be made available through the internet if required.
Reliable geographic information will become more widely available in the organisation, and be more easily merged with traditional data types, enhancing the decision-making process. Fluvial-lacustrine reservoirs in coal-bearing strata provide a particular challenge for reservoir characterisation because of the dominance of coal on the seismic signature and the highly variable reservoir geometry, quality and stratigraphic connectivity. Geological models for the fluvial gas reservoirs in the Permian Patchawarra Formation of the Cooper Basin are critical to minimise the perceived reservoir risks of these relatively deep targets. This can be achieved by applying high-resolution sequence stratigraphic concepts and fine-scaled seismic mapping. The workflow begins with building a robust regional chronostratigraphic framework, focussing on widespread lacustrine flooding surfaces and unconformities, tied to seismic scale reflectors. This framework is refined by identification of local surfaces that divide the Patchawarra Formation into high-resolution genetic units. A log facies scheme is established based on wireline log character, and calibrated to cores and cuttings, supported by analogue studies, such as the modern Ob River system in Western Siberia. Stacking patterns within each genetic unit are used to determine depositional systems tracts, which can have important reservoir connectivity implications. This leads to the generation of log signature maps for each interval, from which palaeogeographic reconstructions are generated. These maps are drawn with the guiding control of syn-depositional structural features and net/ gross trends. Estimates of fluvial channel belt widths are based on modern and ancient analogues. The resultant palaeogeography maps are used with structural and production data to refine play concepts, as a predictive tool to locate exploration and development drilling opportunities, to assess volumetrics, and to improve drainage efficiency and recovery during production of hydrocarbons. Session 5A: 4:10 pm, Hall E.
SESSION 5A-INTEGRATED STUDIES AND EXPLORATION

Seismic to simulation: integrated
The Patricia and Baleen offshore gas fields are located in the northeastern part of the Gippsland Basin in southeast Australia. Although discovered by two exploration wells almost a quarter of a century ago, the two gas fields only recently have again become the focus of appraisal and subsequent development activity through OMV's acquisition of Cultus in 1999.
After the drilling of a successful appraisal well in late 1999, a high resolution 3D seismic survey was acquired in early 2000. No further data acquisition will be undertaken. Special emphasis was therefore put on maximising the value of the 3D dataset by integrating the PreSTM (PreStack Time Migration) seismic and several Elastic Impedance attributes with all other available subsurface data prior to building a sophisticated stochastic reservoir model for simulation. This paper describes how the integration of leading edge seismic technology with unconventional geological modelling was used to overcome a number of major challenges in order to build a coherent static reservoir model and constrain resource uncertainty given the limited amount of wireline and core data:
• A large proportion of the gas fields is strongly affected by seismic tuning which would introduce significant uncertainties on GRV and GWC estimations from seismic, if not accounted for properly. Likewise all seismic and to a somewhat lesser extent basic inversion based attributes used for reservoir property determination are strongly affected by this geophysical artefact: These challenges (and seismic pitfalls) were met by inverting the conventional 3D seismic for Pand S-wave impedances and generating a set of Elastic Impedance Cubes, difference cubes and LRM Cubes (standing for the elastic constants Lambda (λ), Rho (ρ) and Mhu (µ)), defining petroacoustic properties of the reservoir rocks. These cubes were tested for mathematical dependency and used for the conditioning of the facies and porosity models. Session 5B: 3:45 pm, Hall D. The results of the study suggest that active, though areally restricted, liquid hydrocarbon seepage is occurring within the Bight Basin. The majority of seepage slicks occur along the outer margin of the major depocentre, the Ceduna Sub-basin, in areas where significant Late Tertiary to Recent faulting extends to the seafloor. Very little evidence of seepage was observed on the SAR data above the main depocentre, which is an area of minimal Late Tertiary to Recent faulting. Reprocessed ALF data reveal three main areas with relatively dense fluors. Although they are not directly coincident with locations of seepage interpreted from SAR data, their distribution support the pattern of preferred leakage along the basin margins.
The regional assessment of hydrocarbon seepage is built around a combination of Radarsat and ERS
Integration of regional geological models with the results of this study suggests that structural features related to active tectonism have focused laterally migrating hydrocarbons to produce active seepage at specific locations in the basin. Where these features are absent, seepage may be passive and/or be governed by long distance migration to points of seal failure. Together with oil and gas shows in exploration wells, observations from this study provide further evidence that liquid hydrocarbons have been generated in the Great Australian Bight. . A synthesis of these analyses has resulted in a model that suggests that the terrestrial organic-rich potential source rocks in Cape Sorell-1 are very labile for hydrocarbon generation and are presently at the initial phase of oil generation. The model also indicates that increasing hydrocarbon generation with time reflects a progressive increase in temperature reaching maximum temperatures at the present-day. According to the model, accelerated rate of oil generation from the Maastrichtian potential source rock interval at ~3,200 m in the lower Sherbrook Group Equivalent occurred at ~48 Ma and is in response to the maximum burial heating rate in the Early Eocene, during rapid deposition of the thick Wangerrip Group Equivalent. This heating event may have been related to gateway opening along the Otway coast and west Tasmanian margin. Although there was a declining heating rate since the Early Eocene, gas and oil may continue to be generated to the present-day at Cape Sorell-1.
Evidence for a new oil family in the
The low content of mobile oil below sealing facies higher in the section negates a pervasive oil migration phase sourced down-dip from the basin centre, or from older sedimentary sequences below TD in Cape Sorell-1. However, the possibility that Cape Sorell-1 is in a migration shadow cannot be excluded. The restricted areal extent of the depocentre associated with Cape Sorell-1, together with thin, isolated potential source beds at the well site, would indicate the major risk for hydrocarbon occurrences in the local region is limited source rock volume. However, seismic evidence suggests the possible presence of similar facies within the deeper syn-rift succession below TD at Cape Sorell-1. The labile nature of the organic matter would support oil generation and migration at maturities lower and depths shallower than traditionally viewed. This work provides evidence to support a possible oil play from terrestrial source rocks in the Sorell Basin, and may also provide useful insights into recent large offshore gas discoveries to the north in the adjacent Otway Basin. These studies, however, have been in general isolated and have concentrated on non-seismic related methods. This paper provides an empirical analysis of the seismic response in an area with known variation of overpressure, and critically is integrated with a comprehensive research effort looking at aspects of overpressure from a laboratory, empirical and theoretical perspective.
Seismic expression of abnormal geo
The study was conducted using data taken from permit WA-25-P (P25) in the Barrow Sub-basin. These data included 3D surface seismic and VSP, well logs, mud weight and pressure data from the wells. The results of a mineralogical analysis conducted on core samples and basin-wide geological modelling studies were also incorporated into the study. The Muderong Shale, which comprises the principal seal in the area and is believed to be overpressured was selected as the prime target for the analysis. Initially we assess the potential of existing methods, such as velocitybased methods, for remote prediction of excessive pore pressure in the area P25. This is extended to amplitude related effects involving an analysis of reflectivity in the The available data in the P25 area was sparse and consequently we could not rely on statistical based associations. Current industry methods that rely on a limited number of calibration points suggest that the application of either velocity or AVO based methods may produce unreliable predictions of pore pressure. Ambiguities in inferring overpressure introduced by a variable mineral composition of shales and the presence of a strong velocity gradient, which distorts the wave shape, reduces the reliability of these methods.
A detailed analysis using VSP data acquired in a highly overpressured well was found to be crucial for understanding the response of various seismic attributes to changes in effective stress. This enabled us to propose a new qualitative, but efficient approach for remote prediction of overpressure, particularly suited for underexplored areas such as P25. The applicability of the method, which uses single and combined seismic sequence and trace multi-attributes to predict overpressured zones, is demonstrated with the Venture-Carey 3D data recorded in the Barrow Sub-basin. Hydrocarbons are often interpreted using seismic attributes, the most common being high anomalous amplitudes or bright spots. Seismic data processing and interpretation is involved in enhancing such anomalies, thereby improving the interpretation for both optimised drilling and volumetric assessment. However, not all bright spots are hydrocarbons since there have been occasions when an economically drillable bright spot unexpectedly produces a dry hole. This paper discusses the first laboratory-based experiments aimed at understanding seismic reflection effects caused by changes in pressure. Water-saturated unconsolidated sand in an unconfining container was pressured from room pressure to over 2 MPa in step manner and then reduced back to room pressure. After each step in application of overburden pressure change, a zero offset 3D seismic survey was performed using ultrasonic transducers. This approach was repeated after the injection of air, to observe the seismic response to gas under changing pressure.
Detecting
The velocity of sand increased as a function of pressure until a value of approximately 1 MPa was attained, when fracturing became apparent. Upon pressure reduction below 2MPa, fracture healing became apparent; there were also rapid changes in reflection amplitudes due to changes in pressure. It is under high pressure that preferential alignment of parallel grains at specific distances relative to the seismic wavelength may result in 'seismic tuning', and apparent bright spots. It was noted that a pressure increase caused anti-clockwise rotation of the AVO fluid line; this may provide an indication of whether a change in seismic character is a result of a pressure or gas reduction. Some apparent bright spots within sand/shale sequences may also result from seismic tuning effects developed at specific seismic wavelengths, rather than from the presence of hydrocarbons; the sense of rotation of the fluid line may also help to differentiate between a pressure change or gas reduction. South Australia has adopted a regulatory framework for the upstream petroleum industry within which environmental objectives are established through a consultative process. A principal focus of the new regime is the building of community confidence in the environmental performance of the industry and the capability of its regulator. Without such confidence, restrictions on access to land can be expected to grow. Denial of access will result in resources lying undiscovered and undeveloped to the economic detriment of the industry and the community.
Overview and review of the
The development of the new legislative framework was underpinned by modern regulatory principles and practices with particular regard to applying the principles of certainty, openness, transparency, flexibility, practicability and efficiency. Transparency and consultative processes were considered particularly important in addressing concerns of conflict of interest and the risk of regulator capture.
The new Act provides that no activity can occur unless it is covered by a statement of environmental objectives (SEO), developed on the basis of an environmental impact report (EIR). SEOs also contain the methodology by which compliance with achievement of objectives is assessed. Once an SEO is in place, it can be used throughout the industry for like activities. Compliance costs for both government and industry will be reduced as a result. Approval time frames and the potential for delays will also be significantly improved. SEOs are now in place for all normal Cooper and Otway Basin seismic, drilling, pipelining and production activities, although some are in interim form and are under review. Public consultation on the EIR and draft SEO is undertaken for significant activities. Criteria to assist determination of the degree of significance of proposed activities have been established. Based on the degree of predicability and manageability of the likely impacts of the activity, these criteria provide a useful framework within which the necessary value judgements can be made.
Consultation is confined within government for non significant activity proposals. Inter-agency agreements have been put in place to facilitate this process.
Copies of all EIRs, SEOs and significance assessments are made available via the World Wide Web. Company annual licence environmental compliance reports plus summaries of results of audits by inspectors are also made public in the same way.
The Act includes the concept of the enforcement pyramid in which a range of actions escalating in severity can be applied to suit any degree of non-compliance. In addition, companies who exhibit a history of compliance, plus a capacity to comply in the future, are rewarded by up to a 50% reduction in licence fees and do not need to seek approval for routine activities. The East Spar gas condensate field is located in production licence WA-13-L in the offshore Carnarvon Basin. Production commenced in 1996 with two subsea wells linked to processing facilities on Varanus Island via a multi-phase pipeline. The pressure performance of the field has been significantly different to pre-development expectations. This prompted a re-examination of the seismic and well data to investigate the potential for alternative reservoir models.
SESSION 6B-METHODOLOGIES FOR MORE EFFECTIVE E&P
Integrated stratigraphic and seismic interpretation reveals that the Barrow Group reservoir sands were deposited within an incised valley of limited lateral extent. Sea level fall instigated erosion of a valley that on transgression was filled with successive fluvial, estuarine and marine sediments. Good quality sands are expected to be limited to this valley, the upper part of which can be mapped on seismic. Poor sand development in East Spar-2ST is consistent with its location at the edge of the incised valley.
Before development, the primary production mechanism was expected to be a strong bottom water drive comparable with other Barrow Group fields in the Carnarvon Basin. The revised depositional model, however, and the observed decline in reservoir pressure, indicate that connection to this regional aquifer is limited. This implies that water influx will probably be later, and ultimate recovery higher, than previously anticipated. As part of a multi-well field study an integrated petrophysical workflow was developed to include the generation of fluid substituted logs for AVO characterisation.
An integrated petrophysical
The workflow relied upon the construction of a multimineral model that best approximated the actual mineral content of the reservoir. Any limitations or assumptions were noted and taken into account when creating the multi-mineral model. Other petrophysical results were derived from the same model to validate its consistency such as intrinsic permeability, porosity, water saturation, etc. Iteration between the model and the results was required until a consistent model was achieved.
The estimation of an intrinsic permeability log was based upon the k-Lambda method that uses the multimineral model and porosities.
The estimation of a shear slowness log and the fluid substituted logs was based upon elastic rock properties derived from the multi-mineral model and the acquired compressional slowness log and bulk density log.
This integrated approach provides a higher confidence in the derived results, which are then used as input into the reservoir model, thereby improving the reserve calculations.
The interdependence of each derived result on the same input multi-mineral model ensures consistency and predictability in a complex geological environment, which captures all available information.
The method is demonstrated with the Gipsy-1 and North Gipsy-1 wells, which were part of the original field study. 
SESSION 6C-TRAPPING OIL: SEALS AND FAULTS
Many of the commercial hydrocarbon accumulations discovered to date within the Pretty Hill Formation in the onshore Otway Basin of southeastern Australia rely on a semi-brittle top seal and fault seal. Therefore a detailed and integrated fault, stress field and fracture analysis is fundamental to prospect evaluation.
A syn-kinematic interpretation of the 3D seismic data set, using variance cube and visualisation technology was augmented with interpretation of the dip-meter and high-resolution borehole images. This resulted in the interpretation of a more complex fault history than previously inferred from 2D seismic mapping and dipmeter analysis alone. There are two major prospect/field bounding fault sets within the Penola Trough. Northwest-trending faults are associated with two commercial fields and several palaeo-accumulations. East-west trending faults are associated with three major fields, two uneconomic fields and two possible palaeo accumulations.
Hydrocarbon leakage is probably caused by the creation of structural permeability across the regional seal. The location of leakage depends on the interaction between the seal, associated faults, and the regional stress field. Faults deflect regional stress trajectories within the top seal, creating local areas of high differential stress which enables brittle failure and the development of structural permeability. Predicting stress trajectories, the magnitude of differential stress and thus the location of structural permeability within the top seal to the underlying Pretty Hill Formation reservoirs, will reduce exploration risk uncertainty. these fault rocks indicate a capability to hold back gas columns in excess of 100 m, yet many fault closures are found to contain only palaeo-columns. Trap failure is usually attributed to reactivation of trap-bounding faults, often during Miocene-Recent times in these basins. Faults susceptible to reactivation can be predicted by geomechanical methods involving the determination of the in-situ stress field and the orientation and dip of faults with respect to that stress field. Failure envelopes of fault rocks have been determined to estimate reactivation potential in the present day in-situ stress field. This approach works well where fault rocks are weaker than the host reservoir sandstone, but may not be applicable where fault rocks are stronger. In fields where the latter is the case, intact hydrocarbon columns are present, irrespective of whether faults are optimally oriented for reactivation. This indicates that the assumptions of zero cohesive strength and constant friction coefficient for predicting the reactivation potential of fault rocks may not be completely reliable. A comprehensive management strategy addressing these issues was developed for seismic acquisition and drilling operations, with the key objectives of ensuring regulatory compliance and facilitating a process where all stakeholders were fully informed about proposed activities. This process focussed on informing stakeholders of the potential impacts of seismic acquisition and drilling, and how Woodside intended to manage those impacts. This approach was driven by a desire for continuous improvement of performance, over and above compliance with all regulatory requirements. It also recognises the legitimacy of stakeholder risk through social, environmental and political values, and has had environmental and economic benefits for the project.
Calibrating predictions of fault
Environmental benefits included early identification and assessment of potential environmental impacts resulting from the different phases of exploration, development of management strategies to control and mitigate these potential impacts, and improved environmental awareness across the project team, joint venture partners and external stakeholders. Prevention of delay or denial of regulatory approvals for exploration activities had significant economic benefits to Woodside and the joint venture partners. The development and implementation of a stakeholder involvement process, involving explorers, external affairs and environmental advisers, was an innovative approach that has application across other Woodside activities and the industry generally, particularly for projects in locations with a high level of environmental sensitivity, multiple-use and stakeholder concern. 
Drill cuttings analysis-a new
SESSION 7C-METHODOLOGIES FOR MORE EFFECTIVE E&P
data source. Data collected from this often underutilised resource can be used to determine permeability, provide information on diagenesis, stratigraphy and sedimentology, locate natural fractures, discriminate between genuinely poor reservoir and under performing assets and assist with petrophysical characterisation. Data can also be acquired in real time at the wellsite.
Drill cuttings analysis or rock typing is a visual method of semi-quantitatively describing rock and pore characteristics from drill cuttings. More specifically it partitions rocks into distinct permeability groups according to their petrophysical properties as observed under high-powered stereo microscope. Based on the observation of key visible attributes, the rocks are assigned to one of six rock types equivalent to the following permeability ranges; 1A (>100mD ambient), 1B (10-100 md ambient), 1C (1-10 mD ambient), 1D (0.5-1 mD ambient), type II (0.5-0.07 mD ambient) and type III (<0.07 mD ambient).
One of the major strengths of rock typing is it can be used to provide an estimate of in-situ permeabilities. As rock type categories are related to ambient permeability classes an algorithm has been developed to take these ambient range estimates to single in-situ values for permeability and then taking into consideration the lithology in the sample, calculates a permeability height (kh) for the interval. The algorithm corrects for overburden, klinkenberg and relative permeability effects.
A comparison of kh derived from rock typing with kh derived from production and test data indicates a strong correlation between the two datasets. Results indicate that the kh sources are consistently similar and fall within one third of an order of magnitude of each other. As both of these data sources are independently derived it suggests both are realistic derivations of the actual kh of the reservoir interval. Consequently, once calibrated to all data sources, rock typing is considered capable of providing a robust estimate of in-situ kh for a specified reservoir interval. The South Australian Petroleum Act 2000 allows cash or work program bidding to be used depending on the acreage. Acreage releases are announced by Ministerial press release. Associated clear bid assessment criteria are published together with promotional material to aid applicants. The date and time for close of bidding are also established, usually allowing a 6-9 month acreage evaluation period, the timeframe depending on the volume of data involved, i.e. the exploration maturity of the area.
High resolution sequence
Applications received as a result of a gazettal process (i.e. competing bids) are assessed by a process designed to ensure probity and to achieve the over-arching aim of the bidding process i.e. the suitability of the applicants proposed work program for evaluating the prospectivity of the licence area and discovering petroleum.
A scoring system has been developed which establishes, for each bid what is effectively a risked net present value in well equivalents. In this system, guaranteed work scores higher than non-guaranteed work; early work scores higher than later work; wells with multiple targets are scored higher than single target wells; 2D and 3D seismic and other exploration activity is converted into well equivalents; and loading of the later, non-guaranteed years of work programs are heavily discounted.
The scoring system may also take into account differences in the amount and density of exploration data and minor variations may be made to the system to take this into account. It is intended that details of the scoring system to be used in bid assessment will be published each time bids are sought to ensure transparency and a level playing field.
Comparisons are made with acreage management philosophy and processes used by other regulatory regimes in Australia and internationally. sedimentological and sequence stratigraphic principles. Thickness is determined empirically from well logs and seismic data. Seal integrity is derived from a brittleness index. In addition, a component relating to data quality and quantity is included in seal potential evaluation.
Lower Vulcan Formation SP ranges from low to high due to variations in seal capacity and thickness risks as well as data quality and quantity. High SP occurs in the main depocentres and low SP occurs on palaeo-highs and basin margins. Upper Vulcan Formation SP ranges from low to moderate due to variations in seal capacity and data issues. Moderate SP occurs in depocentres and low SP on basin margins. In the Echuca Shoals Formation seal capacity, seal extent and integrity as well as data quality and quantity are good. Seal thickness, however, is inconsistent, resulting in SP variations from good to poor as a function of thickness. Jamieson Formation has high seal capacities, is thick and areally extensive. The seal potential, however, is locally moderate (e.g. on the Ashmore Platform) due to integrity issues. Woolaston, Gibson and Fenelon (WGF) Formations are grouped together as the regional seal and in this group SP varies from low to high. The WGF rocks have high seal capacities, are areally extensive and thick and the data quality and quantity is good. The main risk is integrity, which increases from northwest to southeast in the basin.
Based on the overall seal potential analyses, almost all seals in the area are capable of holding back hydrocarbon columns greater than present or paleocolumns encountered. This suggests that hydrocarbon leakage in the Vulcan Sub-basin was unlikely to have occurred as a result of top seal capillary failure. The Ashmore Platform-Timor Sea region of Australia's North West Shelf is an area of significant petroleum exploration potential, with several large commercial oil fields present. Moreover, exploration activity seems likely to continue at current levels for the foreseeable future, and may also extend into deeper water, given high oil prices and improved drilling technologies. The area is also one of high conservation value, with both the Cartier Marine reserve and Ashmore Reef (a Category 1 marine park), as well as numerous other genetically-rich carbonate seed bank systems, closely associated spatially with exploration activities. Balancing the conservation and resource values in this area will present a key challenge into the future. The magnitude of this challenge has been highlighted by recent work undertaken by AGSO, which involved the acquisition and interpretation of assorted remote sensing data, such as high-resolution bathymetry (including side-scan sonar), satellite synthetic aperture radar (SAR), Landsat, water column geochemical sniffer, airborne laser fluorosensor, seismic data and seafloor sediment sampling. These studies have shown that, at both a regional and local scale, the development of these important carbonate systems appears to directly relate to the geological development of the area.
Influence of hydrocarbon migration
At a regional scale, the collision between the Australian and Eurasian crustal plates in the Pliocene (<5 MaBP) induced the formation of the Timor Trough. The rapid subsidence associated with the formation of the trough provided a range of ideal habitats within which rapidly growing carbonate communities could effectively outcompete other types of sediment deposition/accumulation processes on the continental shelf. Moreover, this trough focussed the location of (what would become) the Indonesian Through Flow (ITF). The conjunction of the ITF with the Indian Ocean ultimately provided a range of diverse genetic opportunities, a situation which reinforced the favourable growth conditions created by the rapid subsidence. As a result of these processes, reefal growth in the Timor Sea took place almost exclusively over the last five million years, with most occurring over the last three million years or so.
At a local scale, new data also strongly suggest that the locations of the majority of reefs and carbonate banks and build-ups in the area are associated with active and palaeo-hydrocarbon seeps. These seeps are localised over either fault systems which tap the reservoir, along migration fairways, or at the pinch-out of the regional Cretaceous top seal. Our interpretations suggest that the reefs and the build-ups formed by a sequential process. Firstly, hydrocarbon seepage (induced by collisionrelated faulting) localised small seafloor (chemolithotrophic) biological carbonate communities, which ultimately formed topographically positive features. These higher relief features were subsequently preferentially colonised by an assortment of reef-building biota, whose rapid growth progressively kept up with rising sea-level (which was driven principally by collisionrelated subsidence). The most favourable conditions for initial reef colonisation probably occurred during periods of relatively low sea-level, when the areas around the reefs were located at much shallower water depths (<40m) than today, and ample sunlight reached the seafloor.
Clearly, the fact that the genetically rich carbonate communities in this area are probably causally related to natural hydrocarbon seepage (and the attendant processes which drove that seepage) will present a series of almost unique exploration, development (especially engineering) and conservation challenges. The accurate correlation of Permo-Triassic sandstone horizons between wells across the Perth Basin is vital to the understanding of the structure and stratigraphy within this major play. In particular, it is important to identify stratigraphic variations due to facies changes from those due to faulting.
Acoustic properties of
This study documents the results of a collaborative project undertaken by Arc Energy NL and CSIRO Minerals, based on archived cuttings and core samples collected from wells Mondarra-1 and Mondarra-2, northern Perth Basin. The aim was to correlate distinctive sandstone horizons from one well to the other, and to test a structural model that required a part of the sequence to be faulted out of one of the wells.
All samples were analysed automatically by CSIRO's rapid analysis, SEM-based, quantitative mineralogical system, QemSCAN, providing both modal and textural data on the heavy mineral populations present in the cuttings and cores.
Results convincingly show that the sequence sampled in Mondarra-2 is correlated with the lowermost sequence analysed in Mondarra-1. The correlation is based on zircon, apatite, rutile and mica content, and is supported by trends in clay phases present.
The results from this study are encouraging given that previous correlation attempts, based on conventional cuttings analysis, wireline logs, and palynological studies, had been inconclusive. Exploration and appraisal drilling leading to the discovery of the Legendre Field in southeastern part of the Dampier sub-basin was accompanied by numerous and costly problems associated with wellbore stability. In order to understand the reasons for these failures and reduce the risk associated with the Legendre Field Development Program, an in-depth geomechanical analysis was carried out as a joint effort between Woodside Energy Limited and GeoMechanics International. The primary objective of the study was to improve our understanding of the in situ stress regime in the Legendre fields and then to apply these results to better assess the risks associated with development drilling risks and optimise, if necessary, the drilling program to maximise wellbore stability for avoiding costly operations. The analysis was able to identify optimal drilling trajectories using the minimal mud weight tolerances to avoid instabilities and circulation losses. The results of this analysis was also used to better understand the relationship between the stress state and the seismic fault and natural fracture network which has immediate implications for circulation losses, reservoir modelling and production performance of the field. The Legendre geomechanical model was determined by reviewing available drilling and geologic information, pressure data and image data from the Jaubert-1, Legendre South-1 and Titan-1 wells. The results were a wellconstrained estimation of the magnitudes of the principal tectonic stresses (SHmax, Shmin and Sv) and pore pressure (Pp) distribution within the Legendre North and South fields. The most difficult parameter, magnitude of the greatest principal horizontal stress (SHmax), was determined by modelling the complete stress tensor that would be consistent with the style of stress-induced compressive and tensile wellbore failure seen in these wells. Wellbore failure analysis based on high-resolution image logs indicates a SHmax stress direction of about 72°N ± 4°. Analysis of absolute stress magnitudes in the Legendre Field indicate is a strike-slip faulting regime (SHmax > Sv > Shmin) in which the vertical stress is the intermediate stress. Pressure data and drilling information indicates that the pore pressure regime within the reservoir is approximately hydrostatic throughout the area.
Mud weight programs were designed using the Legendre geomechanical model (stress and rock strength) for the five planned trajectories in the development program. Depending on the design tolerance for wellbore breakout development, a mud program was customised to allow some breakouts to form and still retain a low mud pressure. This was particularly important because there were some critically-stressed fractures in the area; if these were intersected with an elevated mud pressure, circulation losses would be likely to occur. The production wells were nearly all drilled in the most optimal trajectory that ensured the lowest mud weight could be deployed.
The Legendre drilling program was a geomechanical success in that it was possible to successfully drill and complete all the production wells using a mud weight range of 1.08-1.11 SG without encountering the mechanical instabilities associated with excessive hole enlargement, hole cleaning and excessive sidetracking. Porosity and permeability determine the potential storage volume and rate of hydrocarbon extraction respectively. In carbonate rocks, porosity-permeability cross plots show large variability, and factors other than porosity are needed to model permeability (Lucia, 1999). Lucia (1999) also states that pore space must be defined and classified in terms of rock fabrics in order to integrate the geological and engineering information of the rock.
Image logs (eg. STAR) have been used to classify carbonate rock fabrics over intervals of interest in a number of wells in a field under study. A substantial length of core was taken from one of the wells, over which porosity and permeability measurements were routinely taken, providing a statistically viable dataset.
Over the cored interval, the image fabrics were correlated to the core. The measured porosity and permeability over the cored interval for each image fabric was then isolated into separate data-sets. From this information a standard deviation plot was generated from which the mean value of porosity and permeability was obtained, as well as the standard deviation, giving a minimum and maximum value for each image fabric. The calculated mean, maximum and minimum values for each image fabric were then used as a template that could be applied to similar image fabrics in intervals with no available core.
Using this image-based classification methodology of carbonate fabrics, an extrapolation of porosity and permeability in zones with no measured data can be made with reasonable confidence. It must be noted that such an image-based fabric classification is restricted to a particular field and cannot be extrapolated to other fields. A fabric classification would have to be generated specifically for each study area. In the onshore Otway Basin a similar low-angle unconformity can be demonstrated between top-Dilwyn Formation (Palaeocene-Early Eocene), and base-Nirranda Group (Late Eocene), suggesting the widespread nature of this unconformity in the SE Australian coastal basins. The timing appears to correspond to a rapid increase in spreading rates in the Australian-Antarctica breakup.
The Gippsland Basin enigma-Top
Most of the oil and gas bearing structures in Gippsland are directly attributed to this event. Their subsequent burial and seal has enabled entrapment of large quantities of hydrocarbons. In the Torquay and Otway Basin's inadequate burial of strata preserving this tectonic event makes the interval less favourable for hydrocarbon entrapment in these basins.
Pore pressure prediction from well logs, pitfalls and modifications Accurate knowledge of pore pressure is essential in drilling and production operations. Knowledge of stress and pore pressure history is also important to evaluate the effect of depletion on reservoir properties (e.g. porosity/ permeability, volume loss, and the effectiveness of a compaction drive). With the exception of a few models, existing pore pressure prediction techniques from well logs are based on a disequilibriom compaction mechanism in which there is a unique relationship between velocity and porosity that defines the compaction trend. Using such models it is impossible to distinguish between disequilibrium compaction and other sources of overpressure such as fluid expansion. Failure to account for such mechanisms leads to erroneous estimates of pore pressure and incorrect assessments of the effects of depletion.
The velocity-effective stress relation is controlled by the internal microstructure of the rocks and generally is independent of the rock porosity. If formation overpressure is not caused by an undercompaction mechanism, the porosity anomaly may be insignificant and the deviation of sonic log from a normal compaction trend could directly be used to quantify the abnormal pore pressure. When undercompaction drives overpressuring and rocks show anomalously high porosities, however, the sonic log may show a larger deviation since it will be responding to lower effective stress and the higher porosity. In this case if the influence of porosity anomaly on the sonic log is not carefully quantified there will be a risk of under-or over-estimating pore pressure. In areas where the normally pressured and overpressured zones have similar lithology and pore fluid, subtraction of the porosity anomaly (as derived from density log) from the apparent sonic porosity can be used to separate the porosity component from the pore pressure component of the sonic log reading in overpressured zones. This in turn leads to identification of the pore pressure history that is critical to understanding the response of the reservoir to depletion. The Challis Field pressure data features production induced draw down signatures for post 1990 wells (Challis-9-14). Significant drawdown is confined to the strata above -1,550mSS with post 1990 pressure data in the aquifers below this showing little or no effect. The pressure gradient in the Vulcan aquifer (1.44psi/m) defines the in-situ water salinity to be 46,000mg/l. The hydraulic head distribution shows a closed hydraulic head high against the south side of the main bounding fault and then an abrupt drop of 5m of hydraulic head across the main bounding fault to Cypress-1 in the north. The hydraulic head distribution suggests that the main bounding fault hydraulically separates the north and south sides but connects the Vulcan aquifer beneath the Challis Field (the south side of the fault) with a deeper aquifer. Subtle differences in the pressure gradient and oil-water contact elevation indicate that Challis-14 may separate the Field into two pools. The southern pool may extend southwest to include Cassini-1 considering that the oil pressure gradient and oil-water contact elevation exactly align with those of Challis-4. Minor cross faults near Challis-9 may control the northeast limit of the Field.
Stabilisation
The hydrodynamic assessment of the Jabiru and Challis Fields described here represents the first step of an integrated process. A charge history based on GOI (Grain Oil Index) and a structural investigation of each field will be completed as a second step. At that time the hydrodynamic evaluation can be adjusted and incorporated into a multidisciplinary evaluation of each oilfield that will attempt to identify the geological factors contributing to cap and fault seal integrity and the current day distribution of hydrocarbons.
